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1. Introduction 
 
This monitoring plan presents the methods of measurement and data collection for the CHP 

system at 110 East 59
th

 Street.  The system is being installed and operated by OfficePower. 

 

The CHP system at 110 East 59
th

 Street consists of eight (8) 100-kW Elliott microturbines.  The 

turbines have roughly a 105-kW gross output to cover the operation of the onboard gas 

compressor and controls, resulting in a net output of 800 kW for the entire plant.  Electricity is 

being fed into only one of the three facility utility feeds. 

 

The turbines have integrated hot water heat recovery, with a parallel piping arrangement.  Each 

turbine pulls hot water from a return header and injects heated hot water to a supply header.  

There is a dump radiator for system stability and heat rejection. 

 

The turbines are electrically connected into two groups of four turbines each.  These two groups 

are connected to one of the three utility feeds into the building.  The other two feeds are 

unaffected by the operation of the CHP system.  The grouping of turbines and selection of 

associated utility feed was performed to maximize the opportunity for electrical operation.  The 

turbine groups are sized to be very close to the continuous baseload for the selected service.   

 

Heat from the turbine heat recovery loop can be used to meet thermal loads in the facility via a 

heat exchanger (for heating season operation), or directly used by an absorption chiller (see 

Figure 3).  The thermal loads include: 

 

 Space heating to the building secondary hot water return (isolated by HX)  

 Direct hot water use by a new absorption chiller  

 

Heat not recovered (typically at startup, or low load conditions) will be wasted, first by a bypass 

exhaust damper in each turbine, then if necessary by heat rejection by a dump radiator located on 

the heat recovery loop.   

 

The absorption chiller, and the flow meter for the heat recovery loop (FGL/FM-1), have not been 

installed at this point in time.  At the time of installation for the absorption chiller, these sensors 

are to be installed.  Prior to the installation of these sensor, heat recovered from the CHP system 

will be monitored on the load-side of the CHP-to-Building HW HX.   

 

The chiller will tie into the building’s primary chilled water return.  Condenser water for this 

chiller will be provided by the building’s condenser water circuit (tie-in on the return side to the 

condenser).  The absorption chiller will not have it’s own cooling tower. 

 

The CHP hot water loop will be isolated from the building’s hot water loop by a brazed plate 

heat exchanger.  The HX is located upstream of the steam-to-hot water tube-bundle, to allow the 

CHP system to meet the largest possible fraction of the building heating load. 
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The heat recovery loop will typically operate between 140°F - 205°F supply temperature, and 

return to the microturbine arrays at between 105°F - 180°F.  The loop flow rate will be 280 gpm, 

and the heat recovery loop will contain a 30/70 mixture of propylene glycol and water.   

 

At full load the generators will consume approximately 10,800 std cubic feet (cf) of natural gas 

per hour (1,350 std cubic feet each). 
 

2. Instrumentation 
 

OfficePower’s primary revenue stream at this application will be to sell electricity and thermal 

energy at the prevailing utility rates before the CHP system was installed.  This results in a high 

degree of metering required by OfficePower to ensure that all energy flows are accounted.   

 

OfficePower will supply the instrumentation listed in Table 1 below for use in meeting the 

NYSERDA CHP program monitoring requirements.  These sensors are only a subset of the total 

sensor array used to track system performance for OfficePower’s purposes.   

 

Table 1.  Instrumentation Supplied By OfficePower 

Point Instrument Output Type Sensor Location Notes 
Facility Power  

 

(3) Power Logic 

ION7350 

3, 277 L-N,  

2,000:5 A CTs 

Full data stream  

(kW, kWh used) 

Modbus RTU (COM2) 

Utility electric 

switchboards, cellar 

level (see Figure 1) 

 Data points WT1, 

WT2, WT3 

Generator 

Power  

Output 

(2) Power Logic 

ION7350 

3, 277 L-N,  

800:5 A CTs (TA1) 

800:5 A CTs (TA2) 

Full data stream  

(kW, kWh used) 

Modbus RTU (COM2) 

Turbine array 

disconnects panel 1 

& 2, 16 floor setback  

(see Figure 1) 

 Data points WTA1, 

WTA2 

System 

Parasitic  

(Combined) 

(1) Power Logic 

ION7350 

3, 277 L-N,  

400:5 A CTs  

Full data stream  

(kW, kWh used) 

Modbus RTU (COM2) 

Parasitic Load Panel, 

16-floor setback 
 Data point WTPLP 

 Includes absorption 

chiller, and pumps 

System 

Parasitic  

(Abs Chiller 

Only) 

(1) Power Logic 

ION7350 

3, 277 L-N,  

400:5 A CTs  

Full data stream  

(kW, kWh used) 

Modbus RTU (COM2) 

Parasitic Load Panel, 

18-floor setback 
 Data point WTCHM 

 Includes absorption 

chiller, and pumps 

Generator Gas 

Input 

(2) Roots B3 Series 

Model #16M1751 

(utility supplied) 

Solid State Pulse 

(1TWPS) output, 

100 cf/pulse (temp-

compensated) 

At gas service 

entrance, cellar level 

(see Figure 2) 

 Data points FGM1, 

FGM2 

 Meter and rate 

selection subject to 

Con-Ed discretion 

Heat recovery 

loop flow rate 

 

Micrometer V-Cone 

& Foxboro DP 

differential pressure 

transmitter 

4-20 mA output0 – 280 

GPM10:1 

turndown(Flow < 28 

GPM = 0 GPM) 

On heat recovery 

loop piping, before 

abs. chiller and dump 

radiator (see Figure 

3) 

 Data point FGL  

 5” OD pipe diameter 

 280 GPM nominal 

flow 

Heat recovery 

loop 

temperatures 

ACI 10k  

thermistor 

Direct read to ALC 

SCADA system using  

5 VDC half bridge 

In thermowells 

installed on heat 

recovery loop piping,  

(see Figure 3) 

 TGLS, TGLR1, 

TGLR 
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Figure 1.  Power Transducer Locations 
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Figure 2.  Gas Meter Locations (Con Ed Billing Meters) 
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Figure 3.  Heat Recovery Temperature and Flow Sensor Locations
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OfficePower is installing an Automated Logic based SCADA system as the basis for monitoring 

the system performance.  The SCADA system will also act as the conduit for data to be 

transferred to the data logger installed by CDH Energy.  Figure 4 in the OfficePower 

Instrumentation Plan (Appendix B) displays the overall hierarchy of the data collection system at 

the site. 

 

Sensor readings from this system will be conveyed to the CDH Energy data logger via a 

MODBUS RTU connection.  The CDH Energy data logger will conform to the communication 

specification defined in the Instrumentation Plan Table 1 (Appendix A). 

 

Datalogger 

 

A CR1000 Campbell Scientific datalogger will be installed to record the required data.  The 

logger will interface with OfficePower’s Automated Logic SCADA controller via a two wire 

twisted pair MODBUS RTU connection.  The CDH data logger will act as the MODBUS master 

in this arrangement, polling the SCADA system for the required registers every 30-seconds. It is 

assumed that each polling of the registers from the SCADA system will provide the data logger 

with the most current “real-time” data reading.  The scanned data will then be averaged or 

totaled (depending on the type of data point measured) into 15-minute data and stored on the data 

logger.  Based on the number of points monitored (14 points), the logger will have enough 

storage capacity to hold 180-days of data if communications are lost.   

 

The datalogger will continue to log data for a few hours in the event of a power outage at the 

site.  The data will be downloaded from the datalogger twice a day by a DSL Line and loaded 

into a database.  Further discussion with Office Power will dictate the need for a separate CDH 

Energy supplied DSL modem.  CDH Energy will provide a 100MBPS LAN connection with an 

RJ-45 jack at its monitoring panel.  The data will be checked for validity and posted on the 

NYSERDA web site. 

 

Onsite Installation 

 

CDH Energy will install a datalogger panel at a location in the cogeneration room agreeable to 

the site and developer.  The monitoring system panel will be approximately 2 ft x 2 ft x 1 ft.  The 

panel will be mounted near a 120 VAC power receptacle (it will require 1 amp or less).   The 

panel should be conveniently located relative to the sensors listed above as well as the 

communications line provided by the site.   

 

Communications 

 

The DSL line will be supplied by the site or developer.  Further communications requirements 

are being determined. 
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On Site Support 

 

As the monitoring arrangement at this site will involve utilizing sensors foreign to the data 

logger, it is expected that OfficePower will provide on site support for CDH Energy during the 

monitoring system installation and configuration.  There will be a need to support in diagnosing 

and debugging communications between the data logger and OfficePower’s SCADA system.   

 

Also, it will be necessary to have on-site support from OfficePower when the readings collected 

by the data logger are verified using handheld measurements.  It may be necessary to perform 

such actions during verification as removing temperature sensors from the thermowells and 

expose them to ambient conditions – without disrupting system operations or tripping system 

alarms.  By removing temperature sensors (one at a time) from the thermowells, a step change in 

temperature will be observed both at the SCADA system, and at the CDH data logger.  This will 

help in verifying that the proper temperature measurement is being placed in the proper holding 

register on the SCADA system, and that the data logger logs this register properly. 

 

 

3. Data Analysis 
 

The collected data will be used to determine the net power output of the system as well as the 

fuel conversion efficiency (FCE).  
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Table 2.  Summary of Monitored Data Points 

No. Data Point Description 

Engineering 

Unit 

1 WT1 Building Main Service #1 Energy Import kWh 

2 WT2 Building Main Service #2 Energy Import kWh 

3 WT3 Building Main Service #3 Energy Import kWh 

4 WTA1 Turbine Array #1 (4 Turbines) Energy Production kWh 

5 WTA2 Turbine Array #2 (4 Turbines) Energy Production kWh 

6 WT1_kW Building Main Service #1 Demand Import kW 

7 WT2_kW Building Main Service #2 Demand Import kW 

8 WT3_kW Building Main Service #3 Demand Import kW 

9 WTA1_kW Turbine Array #1 (4 Turbines) Demand Production kW 

10 WTA2_kW Turbine Array #2 (4 Turbines) Demand Production kW 

11 WTPLP Parasitic Panel Energy Consumption kWh 

12 WTPLP_kW Parasitic Panel Demand Consumption kW 

13 WTCHM Absorption Chiller Component Electric Consumption kWh 

14 WTCHM_kW Absorption Chiller Component Demand Consumption kW 

15 FGM1 Microturbine Array Gas Consumption Meter 1 cu ft 

16 FGM2 Microturbine Array Gas Consumption Meter 2 cu ft 

17 TGLR Glycol Return Temperature to Microturbine Array F 

18 TGLR1 Glycol Temperature after HX and Abs. Chiller  F 

19 TGLS Glycol Supply Temperature from Microturbine Array F 

20 FGL Glycol Flow (Flow Meter FM-1) gpm 

21 TWTRR Building Hot Water Return Temperature (Entering HX) F 

22 TWTRS Building Hot Water Supply Temperature (Leaving HX) F 

23 FWTR Building Hot Water Flow through HX GPM 

 

Peak Demand or Peak kW 

 

The peak electric output or demand for each power reading will be taken as the average kW in a 

15-minute interval, or  

 

kW  =  kWh  = kWh per interval 

  t          0.25 h 

 

Heat Recovery Rates 

 

The heat recovery rates will be calculated in the datalogger at each scan interval and averaged for 

each 15-minute recording interval.   

 

Measuring the recovered heat at this site will be performed in two stages.  Until the CHP loop 

side instrumentation is installed, the following load side measurement will used: 

 

Useful heat recovery (QU)   = K [FWTR(TWTRS-TWTRR)] / n 
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Please note that these measurements do not allow for any heat rejected by the dump radiator to 

be measured.  Dumped heat is not required to be measured for compliance with this program, but 

is needed to conform with the NYSERDA Integrated Data system.  Also, this load-side 

measurement will only be valid for heat recovered for space-heating (which should not be an 

issue, as the absorption chiller will not be installed during this period). 

 

Once the instrumentation is added to the CHP loop, then the heat recovery, and dumped heat can 

be measured directly.  The piping arrangement at this site allows for multiple heat rates to be 

determined with three temperature sensors and one flow reading: 

  

Useful heat recovery (QU)   = K [FGL(TGLS-TGLR1)] / n 

 

Rejected (unused) heat recovery (QR) = K  [FGL(TGLR-TGLR1)] / n 

 

The loop fluid is expected to be a glycol-water mixture.  The factor K will be determined based 

on a periodic reading of the fluid properties with a refractometer to determine the glycol 

concentration. (K ~ 500 Btu/h-gpm-°F for pure water;  ~480 for 30% glycol). ‘n’ is the number 

of scan intervals included in each recording interval (e.g., with 30 sec scans and 15-minute data, 

n=30) 

 

We envision continuing to measure the “load-side” recovered heat after the CHP loop sensors are 

installed.  We will compare the two heat recovery rates measured simultaneously to substantiate 

the heat recovery measurements when only the load-side instrumentation is installed. 

 

Calculated Quantities 

 

The net power output from the CHP system will be defined as the gross power from the 

microturbines minus the parasitic power.  Note that for this particular site, WTA1 and WTA2 

represent the net power output from the turbine arrays, and therefore can be used directly to 

calculate the fuel conversion efficiency (FCE), without involving the parasitic energy in the 

computation. 

 

The fuel conversion efficiency of the CHP system, based on the lower heating value of the fuel, 

will be defined as: 
 

FGLHV

WGtQU
FCE

gas 




9.0

)(412,3
 

 

where:  QU - Useful heat recovery (Btu/h) 

  WG - Microtubine net output (kWh) (WTA1+WTA2) 

  FG - Generator gas consumption (Std CF) 

  t  - 0.25 for 15-minute data 

  LHVgas - Lower heating value for natural gas (~905 Btu per CF).  Where 

0.9 is the conversion factor between HHV and LHV 
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The parasitic power for the entire CHP system is measured at WTPLP.  To determine the portion 

of the parasitic loads consumed solely by the microturbine arrays, the difference of WTPLP and 

WTCHM will be calculated.   

 

WTCHMWTPLPWP   

 

where:  WP - Microturbine parasitic energy (kWh) 

  WTPLP- Total parasitic energy for CHP system (kWh) 

  WTCHM- Parasitic energy for absorption chiller only (kWh) 

 

The microturbine parasitic power is being recorded for consistency with other NYSERDA CHP 

monitored sites, but will not used directly in determining compliance with either the kWspc, 

kWp, or annual FCE of the project. 

 

The FCE can be calculated for any time interval.  When converting to daily, monthly, or annual 

values, each value is summed and then the formula is applied: 

 










N

gas

NN

FGHHV

WGtQU

FCE

9.0

)(412,3

 

Where N is equal to the number of intervals in the period of interest. 

 

4. Clarifications Required 
 

The following issues require clarification by OfficePower before this monitoring plan can be 

approved and implemented. 

 

1.) A black-start generator (BSG) is observed on P-001.  This generator shares the same fuel 

feed as the microturbine arrays.  No corresponding electrical interconnection was 

observed on the E-001 one-line drawing.  Operation of this generator will penalize the 

annual efficiency of the microturbine arrays as gas use will be recorded, with no 

corresponding power production at WTA1 and WTA2.   

 

Office Power February 13, 2008:  Included earlier is a revised E-001 one-line drawing 

showing the BSG.   

 

CDH Energy February 21, 2008:  Ok, no further comments. 

 

Describe the operational sequence of this generator as it relates to the microturbine 

arrays.  If this BSG is required to operate continuously in conjunction with the 

microturbines during a utility outage, then power generated by this unit should be 

measured.  If the BSG is only operated for a short period, to generate a synch signal for 

the microturbine arrays, then monitoring the power is not necessary and a proxy for 

runtime and power, such as average amperage should be monitored. 



M&V Plan  110 East 59
th

 Street – OfficePower 

CDH Energy Corp. 9 revised February 28, 2008 

 

Office Power February 13, 2008:  The BSG is used only to black start the plant.  Once the 

turbines are operating in stand-alone mode, the BSG will shut down and all parasitic 

loads will be powered by the microturbines.  Given that the BSG is not intended to 

operate for more than 10 minutes when black starting the plant, we agree that there is no 

need to sub-meter its output. 

 

CDH Energy February 21, 2008:  Ok, no further comments. 

 

2.) Confirm the parasitic panel connection for the absorption chiller hot water pump P-8.  

Ideally this pump should be feed from panel PLP, where the corresponding power will be 

captured by WTPLP.  We believe this to be the case, based on the text on page A3 of the 

instrumentation plan, but seek confirmation. 

 

Office Power February 13, 2008:  Yes, P8 will be fed from panel PLP. 

 

CDH Energy February 21, 2008:  Ok, no further comments. 

 

3.) According to the instrumentation plan, flow meter FM-1 will be scaled at 280 GPM @ 20 

mA.  This corresponds to full flow through all microturbines (8 turbines  35 

GPM/turbine).  Consider setting the full flow to 300 GPM if possible, to allow for some 

leniency if any of the holdback valves begin to inadvertently open further at a later date. 

 

Office Power February 13, 2008:  35 GPM is preset at each microturbine using pressure 

independent flow control valves.  Maximum flow will be 280 GPM and cannot go higher 

unless the existing valves are replaced. 

 

CDH Energy February 21, 2008:  Ok, no further comments. 

 

4.) Due to the location of WTA1 and WTA2 on each microturbine array collector bus, the 

parasitic power can be removed from EQ 11 and EQ 12 in the instrumentation plan (page 

A11).  WTA1 and WTA2 measure the net power output of the turbine arrays directly, as 

is required by the CHP systems manual.  This has been noted in the instrument plan 

markups. 

 

Office Power February 13, 2008:  We agree. 

 

5.) Address the markups in the attached copy of the instrumentation plan (though page A18 

only). 

 

Office Power February 13, 2008:  We will forward a markup of the instrumentation plan 

separately. 

 

CDH Energy February 21, 2008:  Submit revised IP with information based on load-side 

measurements describe in this M&V plan. 
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CDH Energy February 28, 2008:  Sufficient updated information has been provided to 

eliminate the need for an updated IP.  All new information is included in this M&V plan. 

 

 

6.) Some descriptive text in this monitoring plan is based on past work with OfficePower.  

Verify that the temperature, flow, and gas flow parameters highlighted on pages 1-2 of 

this document are representative of the system operation. 

 

Office Power February 13, 2008:  The highlighted flow rates are correct. 

 

CDH Energy February 21, 2008:  Ok, no further comments. 
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INTRODUCTION: 
 
The following provides OfficePower, Inc.’s (“OfficePower”) instrumentation plan 
for its planned Distributed Generation/Combined Heat and Power (DG/CHP) 
project located at 110 East 59th Street, New York, NY.  This plan provides for the 
monitoring and control of the DG/CHP equipment along with the collection of 
data required to measure and verify the DG/CHP plant’s efficiency and 
performance as required by NYSERDA. 
 

DG/CHP PLANT DESCRIPTION: 
 
The DG/CHP plant consists of eight (8) Elliott TA100 CHP microturbines with a 
total power production of 800 kW (100 kW per microturbine).  The microturbines 
are installed in two (2) Turbine Arrays each with four (4) units (400 kW).  
Electricity generated by the microturbines displaces electricity purchased from 
the electric utility as well as providing power to the plant’s parasitic electric 
loads.  The microturbines are fueled with natural gas supplied by Con Edison, 
the local distribution company (LDC) serving the host building. 
 
During grid outages, the DG/CHP plant can black-start and operate to deliver 
backup power and electricity to mission critical loads within the building. 
 
A byproduct of generating electricity using microturbines is a significant amount 
of heat in the turbine’s exhaust.  Much of this thermal energy is recovered to heat 
a glycol/water solution using an exhaust gas to liquid heat exchanger installed 
within each microturbine.  The glycol/water solution provides freeze protection 
for piping, since the microturbines are located outdoors of the 16th floor setback 
of the building.  The recovered thermal energy is used to offset district steam 
purchased by the building from Con Edison for both heating (in the winter) and 
cooling (in the summer).  A series of heat exchangers, pumps and control valves 
are used to deliver heat from the glycol/water solution to the building’s 
secondary water system.  An absorption chiller is used to convert the heated 
glycol/water fluid to chilled water when the building demands cooling. 
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METERING OVERVIEW: 
 
OfficePower has installed a collection of meters to measure and record (1) the 
electricity supplied from both the incumbent electric utility (Con Edison) and 
from each Turbine Array (DG/CHP plant), (2) the thermal energy recovered and 
delivered to the building and (3) the natural gas used by the microturbines to 
generate the on-site power.  OfficePower will use the data collected by these 
meters to measure the plant’s overall performance and operating efficiency, and 
will serve as the basis for making the calculations necessary to qualify for 
NYSERDA’s incentive payments for installing and operating the DG/CHP plant. 

 

ELECTRICAL ENERGY AND POWER MEASUREMENTS: 
 
The plant at 110 East 59th Street will use PowerLogic ION7350 meters that 
provide fully bi-directional, 4-quadrant, revenue accurate energy and demand 
data.  (See Appendix B for a copy of the PowerLogic ION7350 Datasheet.)  The 
meters are wired 277 VAC L-N directly, eliminating the need for potential 
transformers.  Metering and relaying current transformers will provide three-
phase current inputs to each meter.  All current transformers (CT) have a 5A 
secondary output.  The CT size is based on the electrical bus size on which each 
CT is measuring current, as shown below.   Figure 1 details the locations within 
the building of the ION7350 meters. 
 
 
ELECTRIC METER BUS (A)      CT RATIO 
Building Main Electric Services                          2,000A      2,000:5A 
Turbine Array #1 Net Power 800A    800:5A 
Turbine Array #2 Net Power 800A    800:5A 
Parasitic Load Panel 400A    400:5A 
Chiller Module Parasitic Load Panel    400A    400:5A 
 
 
A certificate of accuracy will be provided for each ION7350 meter installed.  If 
additional on-site testing is required, a 2-conductor longitudinal switch 
disconnect terminal block is installed for each voltage and current input to 
provide a connection point for electrical testing equipment. 
 
Each meter internally converts voltage and current inputs to the meter to digital 
values.  In addition, each meter has a remote display for viewing measured and 
calculated electrical values, as well as memory for storing the digital electrical 
data. 
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Utility power (kW) and energy (kWh) delivered to the building is calculated by: 
 
EQ. 1  [ ]! "#$

%
&'
( = kWhkWWTkWhkWWT grossUtility ,, 41)(  

 
Electrical power (kW) and energy (kWh) delivered to the building from the 
DG/CHP plant is calculated by: 
 
EQ. 2  [ ]! "#$

%
&'
( = kWhkWWTkWhkWWT TATAnetCHPDG ,, 21)(/  

 
The building’s total demand and consumption of electricity is therefore 
calculated by: 
 
EQ. 3  [ ] [ ]kWhkWWTkWhkWWTkWhkWWT netCHPDGGrossUtilityBuilding .,, )(/)( +=!"

#
$%
&  

 
Each ION7350 meter has two RS485 communication ports designated COM1 and 
COM2.  COM1 port is programmed to communicate and upload data to 
OfficePower’s remote metering database using the ION communication protocol.  
COM2 port is programmed to transmit data to OfficePower’s SCADA system 
using Modbus RTU communication protocol.  The SCADA system is the Modbus 
master device and each ION7350 meter is programmed as a Modbus slave 
device. 
 
The energy and demand of all electrical loads used in the operation of the 
distributed generation plant (including the absorption chiller) and those 
connected to the parasitic load panel will be measured using a Power 
Measurement PML7350 meter (designated PML7350-PLP).  A second PML7530 
meter (designated PML7350-CHM) will sub-meter the electrical loads used to 
operate the absorption chiller and ancillary equipment, consisting of the 
following equipment: 
 
 Absorption chiller 
 Pump P9 (chilled water) 
 Pump P10 (condenser water) 
 Chiller Module exhaust fan & heater 
 Chiller Module controls 
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FIGURE 1 

ELECTRICAL INTERCONENCT ONE-LINE DIAGRAM 
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When operating in the power and heating modes, the parasitic electric load 
for the DG/CHP plant is calculated as: 

 
EQ. 4  !"

#
$%
&

!"
#

$%
& = kWhkWWTkWhkWWT PLPheatParasitic ,,)(  

 
 
When operating in the cooling mode, the parasitic electric load for the DG/CHP 
plant is calculated by subtracting PML7350-CHM from PLP7350-PLP: 
 
EQ. 5  [ ] [ ]kWhkWWTkWhkWWTkWhkWWT CHMPLPcoolParasitic ,,,)( !="#

$
%&
'  

 

TEMPERATURE MEASUREMENTS: 
 
To calculate the thermal energy delivered to the building from the DG/CHP 
plant, the heat recovery system’s supply and return temperatures are measured.  
Glycol temperatures (TGLR, TGLR1, TGLS) are measured using 10K Ohm 
thermistor temperature sensors.  Sensors are installed in ½” threaded stainless 
steel wells.  Figure 2 displays the locations where these three temperature 
sensors are located.   (See Appendix E for ACI Temperature Sensor Datasheet.) 
 
The SCADA control module supplies 5 VDC power to each sensor, and measures 
the return current to determine resistance in the circuit.  Using a 12 bit A/D 
converter and a resistance/temperature curve table, OfficePower’s SCADA 
control module generates a digital temperature value.  An offset is used to 
calibrate each  temperature reading with field measurements.  Temperature 
sensors are used to monitor and control the heat recovery piping system in 
addition to providing information for NYSERDA’s measurement and 
verification.  
 
A Pete’s Plug (P/N 110XL) is installed adjacent to each temperature sensor.  A 
test thermometer can be inserted in the Pete’s Plug for verification and 
calibration of temperature sensor measurements.  (See Appendix G for Pete’s 
Plug Datasheet.) 
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FIGURE 2 
THERMAL PIPING ONE-LINE DIAGRAM 
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FLOW MEASUREMENT AND CALCULATION: 
 
To calculate the thermal energy delivered to the building from the DG/CHP 
plant, the heat recovery system flow also needs to be measured.  A McCrometer 
V-Cone flow meter is used to measure the differential pressure generated by the 
flow of the glycol/water fluid in the microturbine heat recovery piping.  (See 
Appendix C for McCrometer V-Cone Flow Datasheet.)  The flow meter’s unique 
design eliminates or reduces the need for up/down stream straight pipe 
diameters, under even the most difficult flow conditions. 
 
The nominal flow rate in the heat recovery piping system is 280 GPM (35 GPM 
per microturbine).  Each microturbine is fitted with a pressure independent flow 
control valve to regulate the maximum flow through each turbine at 35 GPM.  
The FM-1-VC flow meter is rated for 280 GPM maximum with a 10:1 turndown 
ratio.  Figure 2 shows the location of the flow meter in the common supply 
header of the heat recovery piping so that total flow, regardless of the operating 
mode (heating or cooling) is measured. 
 
A Foxboro DP transmitter is used to measure differential gage pressure (inWC) 
of flow across the V-Cone flow meter.  The Foxboro DP transmitter outputs a 4-
20 mA current signal in linear proportion to the differential pressure measured 
from the flow meter.  (See Appendix D for Foxboro DP Transmitter Datasheet.)  
The SCADA control module measures the current input, and using a 12 bit A/D 
converter, generates a digital differential pressure value.  An offset is used to 
calibrate the control module input with the DP transmitter output. 
 
Heat recovery flow as measured by the flow meter FM-1-VC is calculated using 
the following formula: 
 

 
EQ. 6 
 

 
Where: DP MAX  =  49.98 inWC1 

    FCL MAX = 280 GPM 
 
OfficePower’s SCADA system will use flow measurements to monitor and 
control its heat recovery piping system in addition to providing data to meet 
NYSERDA’s measurement and verification requirements.  All differential 
pressure readings of less than 0.5 inWC (28 GPM) will be interpreted and 
recorded as no flow (0 GPM flow rate).  

                                                
1 Data taken from the FM-1-VC McCrometer V-Cone preliminary sizing and is subject to change based on 
final factory testing of the flow meter.  See McCrometer V-Cone preliminary sizing in Appendix B. 

[ ]

[ ]
[ ]min/min)/( gallonsMAX

inWCMAX
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gallons FGL

DP

DP
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The Foxboro DP transmitter is mounted on a stainless steel manifold block 
equipped with spare test ports for connection of a test pressure gauge(s). 
 

THERMAL (BTU) CALCULATIONS: 
 
The working fluid in the heat recovery piping system is a 30/70 mixture of 
propylene glycol and water.  This brine solution has a specific heat of 0.935 Btu/ 
lbm- 0F and an equation factor of 480 Btu/gallon-0F-h. 
 
Gross heat recovered from the DG/CHP system is calculated as: 
 

EQ. 7  [ ]FTGLRTGLSx
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Btu
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Q grossCHP °!"#
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Net useful heat recovered from the DG/CHP system is calculated as: 
 
 

EQ. 8  [ ]FTGLRTGLSx
gallon

xFGL
hFgallon

Btu

h

Btu
Q netCHP °!"#

$
%&

'
"
#

$
%
&

'

°
="#

$
%&

'
)1(

min

min
480)(  

 
 
During normal operation, the Heat Rejection Module will not operate.  When 
there is no thermal demand (heating or cooling), each microturbine’s integral 
heat exchanger damper will modulate to the full bypass position, rejecting the 
hot turbine exhaust directly to ambient.  Each microturbine controls the 
modulating of the bypass damper to maintain a pre-set desired temperature 
setpoint. 
 
The plant’s Heat Rejection Module (HRM), consisting of a P4 pump and fan, will 
only operate when the glycol return temperature (TGLR) to the microturbines 
exceeds 190F.  The HRM is sized to reject the full heat output of one microturbine 
(~400 MBH) when operating at full power output.  In the event the glycol return 
temperature continues to rise to 210F, the SCADA system will automatically shut 
down the microturbine whose bypass damper is not functioning. 
 
The thermal energy rejected to ambient by the Heat Rejection Module is 
calculated as: 
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GAS MEASUREMENTS: 
 
Con Edison has installed a new 8” gas service dedicated to the distributed 
generation plant.  OfficePower will request Con Edison install solid-state pulsers 
on each of their revenue gas meters to provide a compensated pulse output from 
each meter.  The pulse output(s) will be wired as a digital input to OfficePower’s 
SCADA control module.  The SCADA is programmed to count the pulses and 
calculate the gas flow (cubic feet) measured by each meter.   OfficePower will use 
the gas meter pulses to monitor the distributed generation plant efficiency as 
well as for NYSERDA measurement and verification.  Figure 3 shows the 
location of the utility gas meters in the overall fuel delivery piping to the 
DG/CHP system. 
 
 Energy consumed to operate the DG/CHP plant is calculated as: 
 

EQ. 10  [ ] !"

#
$%

&
!"

#
$%

&
=' +!"

#
$%
&

HHVBtu

Btu
x

CuFt

Btu
xCuFtFGMBtuFGM

LHV
LHVUtility 9.0100021)(  

 
 Where:  
 

HHV = Higher heating value of natural gas, typically between 950 
and 1,020 Btu/Cu Ft. 

 
0.9 = Ratio of lower heating value to higher heating value for 

natural gas (approximate) 
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FIGURE 3 
FUEL DELIVERY ONE-LINE DIAGRAM 
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OPERATING MODE: 
 
Thermal energy recovered from the Elliott microturbines will be used to heat and 
cool the building during winter and summer respectively using the same heat 
recovery piping.  The SCADA system is programmed to provide two binary 
outputs (1=ON, 0=OFF) signals indicating if thermal energy from the 
microturbines is being used for heating or cooling of the building.  

 

DG/CHP PLANT EFFICIENCY CALCULATIONS: 
 
The DG/CHP plant efficiency is therefore calculated as: 
 
In the heating mode,  
 
EQ. 11 
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In the cooling mode,  
 
EQ. 12 
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DATA DELIVERY TO NYSERDA DATA COLLECTING 
EQUIPMENT: 
 
OfficePower will utilize its Automated Logic Supervisory Control and Data 
Acquisition (SCADA) system as the platform for aggregating and distributing 
metering and sensor data to NYSERDA’s data collection equipment.  As 
described previously, electrical, thermal and gas meter/sensor readings are 
delivered as analog and digital inputs to control modules within the SCADA 
system.  Wiring connections are made to the control module physically closest to 
the meter/sensor devices.  The control modules are connected to an ARC156 
network which is used to broadcast information between SCADA control and 
communication modules using the BACnet communication protocol.  Required 



 

  A12 

meter/sensor data will be written to Modbus registers for reading by NYSERDA 
data collection equipment.  The Modbus registers will be updated at a minimum 
every thirty (30) seconds2.  All metering/sensor data sent to NYSERDA’s data 
collector is also used by OfficePower for its monitoring and control of the 
microturbines and distributed generation plant. 
 
OfficePower has installed a high speed LGR communication module to serve as 
the portal through which meter/sensor data can be read from the SCADA 
system by NYSERDA’s data collector.  The NYSERDA data collector will serve as 
Modbus Master to poll data from the SCADA communication module, which 
will be programmed as the Modbus slave device.   
 
Figure 4 provides a hierarchal view of the data delivery system.  Table 1 provides 
specifications for the communication wiring and suggested Modbus 
communication protocol.  Table 2 provides a list of required data points and 
Modbus register information for use in programming the data logger.   
 
 
 

TABLE 1 
COMMUNICATION SPECIFICATION 

 
CABLE TYPE 2-WIRE 
CABLE SPECIFICATION 18-AWG, SHIELDED PAIR 
MAX LENGTH 1,000 FEET 
COMMUNICATION TYPE EIA-485 MODBUS RTU 
BAUD 9600 BPS3 
DATA BITS 8 DATA BITS 
PARITY NO PARITY 
STOP BIT(S) 1 
MODBUS SLAVE DEVICE NO. 14 

                                                
2 Faster update of the Modbus registers may be possible but will require field testing and verification for 
reliability of data transmission. 
3 Faster Modbus communication speeds available but will require testing to verify data transmission 
accuracy. 
4 Slave device number to be determined by NYSERDA technical consultant programming the data logger. 
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FIGURE 4 
HIERARICAL VIEW OF DATA DELIVERY SYSTEM 
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TABLE 2 
MODBUS REGISTER LIST 

 
MODBUS 
ADDRESS 

TAG DESCRIPTION FORMAT1 R/W 

 WT1 BUILDING MAIN ELECTRIC SERVICE #1 
ENERGY IMPORT (KWH) 

SINT32 READ 

 WT2 BUILDING MAIN ELECTRIC SERVICE #2 
ENERGY IMPORT (KWH) 

SINT32 READ 

 WT3 BUILDING MAIN ELECTRIC SERVICE #3 
ENERGY IMPORT (KWH) 

SINT32 READ 

 WTA1 TURBINE ARRAY #1 NET  ENERGY EXPORT 
(KWH) 

SINT32 READ 

 WTA2 TURBINE ARRAY #2 NET ENERGY EXPORT 
(KWH) 

SINT32 READ 

 WT1KW BUILDING MAIN ELECTRIC SERVICE #1 
DEMAND IMPORT (KW) 

SINT READ 

 WT2KW BUILDING MAIN ELECTRIC SERVICE #2 
DEMAND IMPORT (KW) 

SINT READ 

 WT3KW BUILDING MAIN ELECTRIC SERVICE #3 
DEMAND IMPORT (KW) 

SINT READ 

 WTA1KW TURBINE ARRAY #1 DEMAND EXPORT (KW) SINT READ 
 WTA2KW TURBINE ARRAY #2 DEMAND EXPORT (KW) SINT READ 
 WTAPLP PARASITIC LOAD PANEL ENERGY (KWH) SINT32 READ 
 WTAPLPKW PARASITIC LOAD PANEL DEMAND (KW) SINT READ 
 WCHMPLP CHILLER MODULE PARASITIC LOAD 

PANEL ENERGY (KWH) 
SINT32 READ 

 WCHMPLPK
W 

CHILLER MODULE PARASITIC LOAD 
PANEL DEMAND (KW) 

SINT READ 

 FGM1 GAS METER #1 (CF) SINT32 READ 
 FGM2 GAS METER #2 (CF) SINT32 READ 
 TGLR GLYCOL RETURN TEMPERATURE POST 

RADIATOR (0F) 
SINT READ 

 TGLR1 GLYCOL RETURN TEMPERATURE PRE 
RADIATOR (0F) 

SINT READ 

 TGLS GLYCOL SUPPLY TERMPERATURE (0F) SINT READ 
 FGL FM-1 GLYCOL FLOW METER (GPM) SINT READ 
 HEAT OPERATING MODE – HEATING BIT READ 
 COOL OPERATING MODE – COOLING BIT READ 

NOTE 1 SINT = SIGNED 16-BIT INTEGER (-32,768 TO +32,767) 
  SINT32 = SIGNED 32-BIT INTEGER (-2,147,483,648 TO +2,147,483,647) 
  BIT = DISCRETE (BINARY) 0 OR 1 
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DATA PROCESSING AND TRANSFER TO NYSERDA 
DATABASE 
 
NYSERDA’s technical consultant is responsible for furnishing, installing, 
programming and maintaining a data collector that reads data from 
OfficePower’s SCADA system and for uploading of the data to a remote 
database. 
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APPENDIX A – INSTRUMENTATION SPECIFICATIONS 
 

TABLE A1 – POWER AND ENERGY METERS 
 
OP TAG PML7350-MES1, PML7350-MES2, PML7350-

MES3, PML7350-TA1, PML7350-TA2, 
PML7350-PLP, PML7350-CHM 

NYSERDA DATA POINT WT1, WT2, WT3, WTA1, WTA2, 
WTPLP,WTCHM 

MANUFACTURER SCHNEIDER ELECTRIC POWER LOGIC 
MODEL ION 7350 
PART NUMBER P7350R0B0B0A0A0A 
TYPE BIDIRECTIONAL THREE PHASE POWER 

AND ENERGY METER 
SIZE (MEMORY) 300 KB 
ACCURACY VOLTAGE 0.25% RDG + 0.05% FS, 

FREQUENCY ± 0.01% RDG ,  
CURRENT 0.25% RDG +0.05% FS 

RANGE 50 TO 347 VAC L-N, 5A NOMINAL / 10A 
FULL SCALE 

OUTPUT SIGNAL SERIAL RS485 MODBUS RTU 
POTENTIAL TRANSFORMER N/A.  METERS WIRED DIRECT 277 L-N, 4-

WIRE 
CURRENT TRANSFORMER TYPE RELAY & METER CLASS TRANSFORMER.  

FINAL SELECTION TBD. 
CURRENT TRANSFORMER SIZE CURRENT TRANSFORMERS WILL BE SIZED 

BASED ON CURRENT RATING OF THE 
ELECTRICAL BUS  

NOTES TRAN UNIT WITH REMOTE DISPLAY,  
-4F TO +140F OPERATING TEMPERATURE.     
TIMESTAMP RESOLUTION 0.001 SECONDS.   
 
SEE ATTACH DOCMENTS FOR 
ADDITIONAL DETAILS ON ELECTRIC 
METER AND CURRENT TRANSFORMERS.  
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TABLE A2 - DIFFERENTIAL PRESSURE FLOW METER 
 
OP TAG FM-1-VC 
NYSERDA DATA POINT FGL 
MANUFACTURER McCROMETER 
MODEL V-CONE 
TYPE DIFFERENTIAL PRESSURE FLOW METER 
PART NUMBER VS06QE03S 
SIZE 5” FLANGED 
ACCURACY ±  0.5% OF ACTUAL FLOW 
REPEATABILITY ±  0.1% OR BETTER 
RANGE 0.5” W.C. TO 50” W.C. 
FLOW RATE (MAX) 280 GPM @ 50” W.C. DP 
FLOW RANGE 10:1 OR GREATER 
STRAIGHT PIPE REQUIREMENTS 0D UP AND DOWN STREAM 
NOTES SEE ATTACHED V-CONE DOCUMENTS & 

PRELIMINARY SELECTION 
 

TABLE A3 - DIFFERENTIAL PRESSURE (DP) TRANSMITTER 
 
OP TAG FM-1-DT 
NYSERDA DATA POINT FGL 
MANUFACTURER FOXBORO 
MODEL IDP10 
PART NUMBER IDP10-A22C1F-V3 
TYPE GAUGE PRESSURE 
SIZE ½” THREADED 
ACCURACY ±  0.20% OF SPAN 
RANGE 0 – 30 PSI 
AMBIENT TEMPERATURE -20 TO +180F OPERATING 
OUTPUT SIGNAL 4 TO 20 mA LINEAR 
NOTES INCLUDES MANIFOLD BLOCK WITH TEST 

PORTS & ISOLATION VALVES & LCD 
INDICATOR.   
 
SEE ATTACHED FOXBORO TRANSMITTER 
PRODUCT SPECIFICATION.   
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TABLE A4 - TEMPERATURE SENSORS 
 
OP TAG TBD 
NYSERDA DATA POINT TGLR, TGLS, TGLS1 
MANUFACTURER AUTOMATION COMPONENTS INC 
MODEL 10K OHM TYPE II THERMISTOR 
PART NUMBER ACI/10K-CP 
TYPE 10K OHMS @ 77F 
SIZE 4” IMMERSION WITH SS WELL 
ACCURACY ±  0.2 0C (0 TO 700C) 
RANGE -40F TO +302F 
OUTPUT SIGNAL 5 VDC POWER SUPPLY, RESISTANCE 
NOTES SEE ATTACHED PRODUCT DATA SHEET 

FOR ADDITIONAL INFORMATION 
 
 

TABLE A5 - GAS METER 
 
OP TAG GM-1, GM-2 
NYSERDA DATA POINT FGM-1, FGM-2 
MANUFACTURER ROOTS METER 
MODEL SERIES B3 METER, 1TPWS SOLID STATE 

PULSER5 
PART NUMBER 16M17511 
TYPE ROTARY POSITIVE DISPLACEMENT GAS 

METER WITH INTERNAL TEMPERATURE 
COMPENSATION 

FLOW (MAX) 16,000 ACFH 
ACCURACY NA 
RANGE 116:1 
OUTPUT SIGNAL 1 PULSE PER CCF 
NOTES CON EDISON REVENUE GAS METER WITH 

PULSE OUTPUT. 

                                                
5 Meter selection subject to change based on final Con Edison selection 
 
 



 

   

APPENDIX B – POWERLOGIC ION7350 METER DATASHEET 
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Instrumentation, Wiring Schematic, and Installation Details   
 
Site Visits & Timeline of Events 
 
Figure B-1.  Timeline of Logger Installation Events 

February 6, 2009 • Campbell datalogger installed.   
• Modbus communication with OfficePower ALC system could not be 

established.   
(Adam Walburger – CDH Energy, John Pifer - OfficePower) 

March 4, 2009 • Obvius data logger installed, Campbell datalogger removed. 
• Modbus communication with OfficePower ALC system established.   
• DSL communications with CDH Energy computers established.   
• Reading from Obvius and ALC verified with handheld readings.  
• Data logging begins 
(Adam Walburger – CDH Energy, John Pifer - OfficePower, Alan 
Summers - Alpha Engineering) 

 
Description of Monitored Data Points and Schematics 
 
Figure B-2 lists the monitored points use from the OfficePower ALC SCADA system for 
performance monitoring.  The wiring schematics for the logger are shown in Figure B-3. 

 
Figure B-2.  Monitored Points via ALC System (Modbus Address 001)  
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Obvius Acquisite A8812 -1  Data Logger  
Modbus Terminals  

Obvius Acquisite A8812 -1 Data Logger  
Input Terminals  

RS485+ 
 RS485 -
 

 
 

IN1  
G 

(+) 24VDC  
No external sensors 
installed 

OfficePower supplied modbus 
connected sensors (power meters, 
temperatures, flows, gas meters, etc)

 
OfficePower 
Supervisory 

Automated Logic 
SCADA system

 
+ 

- 
 

Figure B-3.  Wiring Schematic for Obvius Internal I/O Connections (Modbus Address 250) 

 
 Photos of Installed Sensors 
 
N/A – Need collect photos of installed sensors on future site visit. 
 
 
Field Verification 
 

Field measurements were taken using an independent handheld meter to verify the sensors 
installed at the site yield a proper reading.  Where possible a direct measurement was performed 
for comparison to the OfficePower ALC readings.  For the three total facility power 
measurements, current on the secondary side of the CTs was measured. 
 
The output for the two turbine arrays (WTA1, WTA2) and the parasitic load panel (WPLP) were 
measured using a Fluke 39 power meter.  The Fluke readings were compared to the reading from 
the ION power transducers that report to the datalogger via the ALC SCADA system.  Table XX 
displays the results of the field verification measurements for three of the power points.  Note 
that no load was present on WCHMPLP (the chiller parasitic load panel) and therefore it was not 
verified at this point in time. 
 

Data Point 
Current 
(amps) 

Measured Power 
(kW) 

ION Meter Power 
(kW) 

WTA1 540 / 560 / 550 457 kW 459.5 kW 
WTA2 212 / 216 / 218 179 kW 177.9 kW 
WPLP 39 / 33 / 36 27.1 kW 27.2 kW 

 
 
Due to the location of the total facility power CTs, the facility power for the three utility services 
could not be measured directly.  Instead a comparison was made to handheld current readings on 
the secondary side of the CT (at a 2000:5 turndown ratio).  Only WT3 (Service #3) displayed an 
extremely low power factor, indicating that the orientation of the CTs on this service should be 
verified.  Note that this does not impact the CHP performance measurements. 
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Table B-1.  Comparing Total Facility Power Measurements Using Secondary CT Measurements 

Data Point 

Secondary 
Current 
(amps) 

Primary Current 
(amps @ 2000:5) 

Calculated KVA 
@ 277 VAC→N 

ION Meter Power
(kW) 

WT1 1.97 / 1.58 / 1.57 788 / 632 / 628 567 kVA 453 kW (0.80 PF) 
WT2 1.57 / 1.64 / 1.60 628 / 656 / 640 532 kVA 494 kW (0.92 PF) 
WT3 1.10 / 1.54 / 1.30 440 / 616 / 520 436 kVA 280 kW (0.64 PF) 

 
Temperature measurements were performed using a Pete’s plug adjacent to each temperature 
sensor and a direct insertion Fluke 53 II digital thermometer.  Figure B-3 displays the 
temperature verification measurements performed.  Based on a single verification measurement, 
no adjustment is being applied to the data set for temperature correction between sensors.  
Multiple verification readings at different operating temperatures will be needed to determine the 
need for an offset or multiplier correction.  During the measurement period, no heat was being 
rejected across the dump radiator, so the difference between TGLR and TGLR1 was minimal.  
More measurements will be needed with the radiator running to fully quantify the accuracy of 
this temperature difference. 
 
Table B-2.  Comparing System Fluid Temperature Measurements Using Handheld Thermometer Readings 

Data Point 
Fluke Measurement 

(°F) 
ALC SCADA Measurement 

(°F) 
TGLS 135.9°F 136.2°F 
TGLR 110.1°F 110.7°F 

TGLR1 110.7°F 109.5°F 
TWTRR (T12) 109.3°F 109.2°F 
TWTRS (T13) 127.5°F 128.6°F 

 
The CHP system uses two Roots gas meters to measure the low-pressure gas flow to the turbines.  
The ALC SCADA system counts the raw pulses from the meter and reports the pulse rate as 
cubic feet per hour (CFH).  To verify this rate a visual inspection of the 100 CF hand on the 
meter face was performed.  The time required to consume 100 CF of natural gas was timed, and 
converted to CFH for comparison to the ALC data. 
 
Table B-3.  Comparing Manual Gas Use Readings to ALC SCADA Readings 

Data Point 

Time for 100 CF 
Consumption 

(Read from Meter Face) 

Computed Gas Flow 
Rate 

(CFH) 

ALC SCADA 
Measurement 

(CFH) 
FGM1 95 seconds 3,789 CFH 3,790 CFH 
FGM2 88 seconds 4,090 CFH 4,090 CFH 

 
Data Logging Equipment 
 
An Obvius Acquisuite 8812 datalogger was installed to collect the data.  The sensors are sampled 
or scanned at 1-second intervals.  Screen captures of the datalogger settings are shown below. 
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Figure B-4.  MODBUS Configuration for Obvius Logger (Screen 1) 

 

 
Figure B-5.  MODBUS Configuration for Obvius Logger (Screen 2) 
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Figure B-6.  MODBUS Configuration for Obvius Logger (Screen 3) 

 

 
Figure B-7.  Typical Real-Time Display Capture 
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Figure B-8.  Obvius Logger IP Configuration 




